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VEF Radio Field Strength Measurements 1943-1944 


The data from which this report was prepared were obtained under 
a project. for the continuous ree ording of selected FM and Television 
stations in the frequency range from 42 to St mc. After some prelim- 
inary tests at a temporary site in Washington, D.C. in 1949, four 
recorders operating from a single half wave antenna were set, up at 
the Commission's Monitoring Station at Laurel, Md., and recordings 
were begnn on February 1, 1943. The four stations scheduled for 
recording were KYW-FM, Philadelphia: WeXMN, Alpine, 
WDRC-FM, Hartford and WGTR, Paxton. The stations lie in the 

sine genera] direction from the recording site at distances of 104, 

197, 267 and 357 miles, respectively. The stations were chosen so as to 
provide data on the magnitnde of the effects of the lower atmosphere 
at various distances and tines, which would furnish a measure of the 
reliability of the Commission's theoretical signal range charts. Clear 
channels were selected so that the signals could be identified by fre- 
quency without aural supervision. 

In addition to the signals which travel via the lower atmosphere, 
commonly called tropospher gnals, an unexpected signal of en- 
tirely different. type was observed, particul: ily on the more distant 
stations, which will be referred to herein as a “burst” signal. A third 
type of signal. which is reflected from patches of abnormally high 
ionization in the E layer and known as a sporadic E signal, was 
known to exist and io be capable of spanning Jong distances. How- 
ever. insufficient: data were av avilable as to the times of occurrence and 
the field strengths to be expected at various distances for this fre- 
quency range. In order to obtain the maximnm utility of the four 
recorders, it. was planned to record any sporadic E signals encount- 
ered during monitoring rather than to record continuously on the fre- 
quency of a distant station. The fourth type of signal which is known 
to exist. at these freqnenci s is propagated over long distances via the 
Е. region at certain times of day during the maximum of the sunspot. 
eyele, No F. signals are recivable at this time in the band above 42 
me. 

During the summer and fall of 1943 additional equipment became 
available and 1] more recorders were installed at other monitoring 
stations as follows: 5 at Allegan, Mich: 3 at Grand Island, Neb; 2 at. 
Atlanta, Ga: and 1 at Portland, Ove. The installation of recorders at 
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the additional locations was extremely desirable by reason of the need 
for information on atmospheric effects with other types of terrain 
and climate, and also because of the need for comprehensive informa- 
tion on the frequency of occurrence and the field strengths to be 
expected over long distances for signals arriving via “bursts” and 
sporadic E layer paths. Continuous recording at four locations has 
made it possible in a relatively short time to obtain what is believed 
to be a reliable measure of the relative magnitudes of burst signals 
at various distances and times and an estimate for the period of 
recording of the amount of interference via sporadic E from a plu- 
rality of co-channel stations. 

The three types of signals dealt with in this report, tropospheric, 
bursts and sporadic E, are due to different causes and have different 
modes of variation with regard to time, distance and frequency, and 
for this reason the results are treated in separate sections. 


'TROPOSPILERIC SIGNALS 


Attention is called to Figure 1 (A) in which is reproduced a typi- 
cal record of a tropospheric signal. Both slow and rapid fading are 
evident, with the signal varying in intensity over a range from less 
than 1 uv/m to above 20 uv/m as indicated by the meter calibration 
marked at the left end of the chart. This chart also shows the trend 
toward higher signal strengths in the late afternoon and early even- 
ing honrs, which is characteristic of the measurements which were 
made over land paths. 

Analysis. The method of analysis of tropospheric charts is to deter- 
mine for each hour the level which is exceeded by the signal for 30 
minutes of the hour. This level is called the 50% houtly value. The 
line indicating the 5096 hourly value for the hour 5 to 6 P.M. can be 
seen on the chart as a level of 4 uv/m. The 50% hourly values are tab- 
ulated on a monthly summary sheet from which the monthly median 
value (the middle value in order of size) for any desired hour can 
be extracted. 

Variations of monthly median values. Figure 2 is a set of graphs 
‘of the diurnal variations of the monthly median values of KYW-#M 
recorded at Laurel, a distance of 104 miles, for the months February 
through September 1943. The values have been corrected for power 
and antenna height so as to convert them to equivalent values for a 
radiated power of one kilowatt and for half-wave transmitting and 
receiving antennas 500 feet and 30 feet high, respectively. In convert- 
ing the value to a theoretical height of 500 feet, the height-gain func- 
tions for ground wave propagation were used, on the assumption that 

' low-level propagation would prevail on the average. The effect of 
assuming the signals to be reflected from a layer with an average 
height of 1.5 kilometers (0.93 miles} will be shown in connection with 
the later discussion of Table 1. : 

The diurnal trend toward higher field strengths in the evening is 
apparent for all months except February, and is more marked for the 
warmer "months. The warmer months also have generally higher sig- 
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nal levels. The median value for July (5.9) is over three times as high 
as the median value for April (1.77). j 

The higher field strengths recorded during the warmer months and 
the characteristic upward diurnal trend bad been anticipated by 
reason of prior correlation between weather and VHF propagation 
conditions over land made by Ross Hull? However, insufficient data 
were available from which to make a quantitative determination of 
tropospheric effects at various distances and frequencies, which is the 
purpose of the present investigation. 

The graphs for July, August and September show greater irregu- 
Jarities than do the remaining months and this is probably due to a 
smaller amount of available data. Station KYW-FM and the four 
other FM stations in Philadelphia began a shared time schedule on 
July 4, 1943, so that each point on the graphs for July, August and 
September represents the median value of five or six hours of record- 
ing as against about thirty hours for each point on the other five 
graphs. There are no date for the months of October, November and 
December 1943 and for January 1944. as it became necessary to divert 
the recorder for more urgent. tests in connection with burst signals. 

Figure 3 is a similar set of graphs for station W2XMN recorded at 
Laurel, (197 miles) for the twelve month period from February 1943 
through January 1044. All graphs except May show the upward 
diurnal trend. Again July has the highest median value (0.37) and 
the lowest median value is April (0.089), the ratio being above four 
to one. , ' 

Figure 4 is a corresponding set of graphs for station WMFM 
recorded at Allegan over the period October 1943 through August 
1944. The path is 122 miles in length, most of which is across Lake 
Michigan. The time scale is Central Standard Time since this is 
approximately local sun time for the path concerned. The absence of 
the diurnal effect, which is in agreement with such data as were pre- 
viously available for paths over water, 2, 3 is immediately apparent, 
and the graphs are more irregular in general than for the path over 
land. The ratio of the highest monthly median value, June (2.8), to 
the lowest Apri] (0.64) is almost four to one. 

Recordings of tropospheric signals were also made on FM station 
WGTR, Paxton and television stations WPTZ, Philadelphia and 
WBKB, Chicago. However, insufficient data were obtained to permit 
any determination of the variations of monthly median values, Sum- 
maries of the data are included in Table I, which will be referred to 
in detail at a later point in the report. 

Comparisons with theory. Figure 5 is a reproduction of Figure 1 
of a report by K. A. Norton entitled “A Theory of Tropospheric 
Wave Propagation", (F.C.C. Mimeo. 40003). It contains a theoretical 
50 me ground wave curve for average land together with three theo- 
retical curves of tropospheric field intensities for a 1.5 kilometer layer 
height and dielectric discontinuities of 10-4, 10-5 and 10-5, which latter 
were assumed to be the average ranges encountered in practice. Plot- 
ted in relation to the curves are the maximum 50% hourly values and 
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the values exceeded for 104é ', 30% ' and 90% ' of the time for dis- 
tances of 104, 122 and 197 miles. For the 337 mile distance (WGTR) 
the 50% and 9096 values were below the noise level, so that only the 
maximum and 10% Co values were obtamable. 

It will be observed that all of the values for the 104 and 122 mile 
distances and that all but the maxi value at 197 miles lie within 
the predicted range of the theoret s. The values for 122 miles 
ave not strictly comparable to the remaining values and to the theo- 
retical curves since they are for a propagation patch partly across 
Lake Michigan, for which both the dielectric constant and conduc- 
tivity are diiferent than for average land. They have been plotted on 
the same sheet, however, in order to determine whether different 
standards of allocation should apply for stations in the Great Lakes 
region. From their conformity to the average land values, it appears 
likely that one set of stand: weds can be made to apply. 

i of the same expeenuental values plotted in rela- 
tion to the theoretical ground wave curve and tropospheric curves for 
a 105 innity at heights of 1, L5 and 3 kilometers (Figure 2 of 
FCC. Mimeo. 40005). The measured EE at the nearer dist anees 
do not fit the theoretical curves nearly so well as they do for Figure 
5. whereas at 337 miles the measured and theoretical values are in 
closer agreement. This indicates that the high signal levels at the 
nearer distances are primarily due to large discontinuities whereas at 
long distances high layer heights have a greater effect. 

Certain inferences may be drawn from a comparison of various 
ratios between measured and theoretical values as obtained from the 
two preceding Figures. For convenience these values and ratios have 
been tabnlated as Tab le I, together with values for certain television 
stations, Paths 1, 2. 3 and 4 ave for FÀ stations KYW-F L, WMFM, 
W2XMN and WGTR! respectively. Path 5 is for television station 
WPTZ, Philadelphia, recorded at Laurel, and path 6 is for television 
station WBRB, Chicago, recorded at Allegan. The numbers of hours 
of recording for the television stations, 181 and 51 hours, are very 
small in comparison with the hours of recording for any of the FM 
stations. This fact and the shorter and more intermittent periods of 
operation prevented the preparation ot diurnal graphs ‘for the tele- 
vision stations similar to those fov the nearer FM stations. The 10%. 
50е and 90% values shown for paths 1 to 4 under the heading “Field 
strength corrected for low layer height”, are the same as those plotted 
in Figures 5 and 6, and are taken from the monthly median values 
used in the preparation of Figures 2, 3 and +. The ground wave val- 
ues (G.W.) ave taken from the theoretical ground ware curves of 
Figures 5 and 6 at the specified distances. The values for the televi- 
sion stations, paths 5 and 6, ave derived directly from tabulations of 
all data rather than from monthly median values. The values for 
path 6 have hot been corrected to the standard conditions of 1 kw 
radiated from a 500 foot transmitting antenna, since the recording 
site ls approximately in the direction of the null of the cardioid trans- 


1 The '10%, 50% and 90% values were taken from the graphs of monthly median 
values shown in Figures 2, 3 and 4 
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mitting antenna pattern and no satisfactory figure.coud be arrived at 
for the actual power output in that direction. For this reason no 
ratios of recorded signal to ground wave signal levels are given for 
this path. ' 

TABLE. I — Measured field strengths, UV/ M 


[Based on ] kw radiated from 500 ft, half wave doublet] 


Path 1 2 4 5 6 
Dist. tmi.) 104 122 197 337 205 103 
45.7 45.5 42.8 44.3 71.75 65.75 
993 3,140 2,268 6, 884 181 31 


Field strengths corrected for tow layer height 


“Die Dew 


“The held strengths for this path are not corrected for radiated power and antenna height. 
G.W.—Theoretical ground wave field strength. 


Actual Distance 


DC ане atieoretical distance to give measured field 


For the purposes of making quantitative comparisons of the field 
strengths measured at different distances and frequencies certain con- 
ventional ratios have been determined. The ratio of the field exceeded 
for 10% of the time to that exceeded for 90% of the time is a measure 
of the variability or fading of the signal. Fading over land (3.4) and 
over the Great Lakes (3.1) are of the same order at 45 me. This is 
somewhat inconsistent with the ratio of fading at 65 to 70 mc which 
is nearly twice as great for the Lakes path. However, this inconsist- 
ency may be due to the uncertainties arising from the limited amount 
of data for 65.75 and 71.75 me. 

The ratios of the tropospheric field to the theoretical ground wave 
field are greater at Jonger distances so that tropospheric effects will 
increase the ranges of the interfering fields to a greater extent than 
the service fields. In fact, the present. data indicate that it will not be 
possible to increase service fields above the theoretical value for dis- 
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tances under 120 miles. With reference to interfering fields, although 
it is not here suggested that the 10% field be adopted as standard, it 
has been used herein to show a ratio (1096/G.W.) between reasonable 
values of measured interfering field and the theoretical ground wave 
values obtained from the Commission’s signal range curves. For a 
distance of 104 miles to the 5 uv/m theoretical contour of a FM sta- 
Hon the 10% interfering field would be 8.3 times as great, or 41.5 
uv/m. 

A somewhat different measure of the tropospheric effect, and one 
which is more directly applicable to the theoretical distance range 
curves, is expressed in the ratios of actual to theoretical distance for 
distances between 100 and 200 miles to the 5 uv/m contour the ratios 
are between 1.7 and 2.1 for complete protection and between 1.4 and 
17 for protection 90% of the time. If a distance of 70 miles to the 
5 uv/m contour is found from the theoretical signal range curves in 
a hypothetical case, 10096 protection would require an increase to 
150 miles and 9096 an increase to 120 miles. 

Similar ratios have been derived for an assumed tropospheric layer 
height, of 1.5 kilometers and are shown in the lower half of the Table. 
While they differ somewhat from the values obtained when low 
level propagation is assumed, the differences do not appear to be 
significant. 

BURSTS 


A sample recording of typical burst signals is shown in Figure 
1(B), a record of FM station WGTR recorded at Laurel on Novem- 
ber 11, 1943. The usual burst consists of a sharp rise in signal 
strength over a period of a few tenths of a second duration, A burst 
of this type with a peak value of 40 uv/m is shown at I, near the 
calibration scale. Infrequently, a burst which may be sustained for 
several seconds or more, such as shown at S, is recorded. The sigui- 
ficance of the differences in amplitude and duration of the bursts 
will be discussed at a later point. 

When the bursts were first identified as being something other 
than peaks of rapidly fading tropospheric waves, several possible 
causes were advanced by those who had observed them, such as 
reflection from aircraft, from undulating tropospheric discontinu- 
ities or from patches of ionization. A further extension of the latter 
theory was to the effect that the patches of ionization were caused 
by the passage of meteorites through the upper atmosphere. The 
ionization effects of meteors in connection with radio propagation 
at lower frequencies had been investigated by A. M. Skellett* and 
J. A. Pierce”, and the occurrence at 10 mc of bursts of somewhat 
longer duration than those at 40-50 mc had been attributed to 


_meteoric ionization by Pierce. Short distance scatter effects at 10 mo, 


which ‘consisted of bursts of from one half to one second duration, 
had also been investigated by T. T. Eckersley and attributed to 
patchy E-layer ionization. 

Footnotes (references) 4, 5, 6 see p. 182. 
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Upon the installation of recorders at Allegan, Atlanta and Grand 
Island, signal bursts from WGTR were found to be received at all 
points, the numbers of bursts and intensities of the highest bursts 
decreasing with distance. Since the distance from WGTR to Grand 
Island, 1870 miles, is about the limit of distance for single, reflec- 
tions from the E-layer, theories of comparatively low leve] reflec- 
tions such as aircraft and tropospheric were abandoned in favor of 
the ionie theory. ' 

Burst path length measurements. In order to determine the propaga- 
tion path lengths of the burst pulses, a series of pulse tests was made 
in conjunction with station W2XMN, in October 1943. This station, 
rather than WGTR, was selected because a steady signal was needed 
for reference pulses, between which the burst pulses would appear if 
there was any difference in path length. Our records show burst 
pulses from W2XMN on some days of poor low-level propagation, 
so that it was expected that the pulse tests would show bursts as 
well as reference pulses. 

A unique method of pulsing was used which will be explained in 
conjunction with Figure 7. It consisted in frequency modulating the 
transmitter 2-15 ke by a continuous tone of 170 cycles per second. The 
FM signal was received on a Hallicrafters S-27 receiver, the IF of 
which was passed to a Super-Pro tuned to a narrow pass band at the 
lower end of the swing. This produced narrow pulses of tone fre- 
quency in the IF output of the Super-Pro which were placed on the 
vertical plates of an oscilloscope, indicated diagrammatically by the 
dashed circle. The horizontal sweep was set at one-half tone fre- 
quency so that two reference pulses appeared simultaneously on the 
screen. Any difference in path length D will cause the burst signal to 
be delayed by an interval D/c, where e is the velocity of propagation, 
so that the frequency deviations of the delayed burst will occur be- 
tween those of the ground wave signal. In the Figure, the deviations 
of the burst signal are shown as a dashed curve lying between the 
cycles of the solid wave of the ground wave signal, the burst pulse on 
the oscilloscope screen appearing at a distance D to the right of the 
zero reference pulse. 

During the tests the path differences ranged from about 150 to 900 
miles, corresponding to total path lengths of from 350 to 1100 miles. 
The estimation of the shorter distances was made somewhat difficult 
by the pulse width, which tended to merge the delayed pulse with the 
reference pulse, but the values obtained indicate that the medium 
responsible for the shorter paths was separated from the sea level 
great circle path by a distance comparable to the height of the E 
Jayer. The greater distance can be interpreted as reflections from 
higher media or from media of height comparable to the E layer but, 
lying to each side of the great circle plane. In the light of subsequent, 
information, the latter interpretation is felt to be correct. The ampli- 
tudes of the burst pulses varied also, but insufficient periods of obser- 
vation could be made to determine whether a correlation exists be- 
tween amplitude and distance. 
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The maximum path difference which can be measured at a pulse 
frequency of 170 per second is about 1100 miles, as greater distances 
will cause the pulse to be delayed more than one cycle and to give a 
false indication of a shorter distance. Lower modulating frequencies 
were tried during the tests so as to be certain that path differences 
greater than 1100 miles were not involved. A special test was also 
devised to eliminate false indications of delay due to frequency shifts, 
such as the Doppler effect, which were not the result of path length 
differences. The tests indicated that no appreciable errors were being 
introduced from this source. A third possible source of error has 
been suggested as arising from the generation of spurious frequency 
components by the beating of the direct and reflected waves within 
the receiver circuits. No equipment has been available for making a 
test by which to evaluate this effect. 

Diurnal and annual variations of burst numbers. The numbers of 
bursts per hour exceeding 5 microvolts recorder input (3.3 uv/m) 
received at Laurel from station WGTR have been tabulated for the 
period from February 1943 through May 1944. The results of a full 
year's data are shown in Figures 8 and 9, "i 

Figure 8 is à graph showing the variation with time of day of the 
average of 19 monthly median values of the numbers of bursts per 
hour (February 1943 through January 1944). The maximum (36.5) 
occurs between 8 and 9 A.M. and the minimum (9.8) between 4 and 
6 P.M. Plotted on the same sheet are, the average observed numbers 
of mbteors per hour during night hours as reported by various work- 
ers in the field. The two smooth curves (e) and (f) are theoretical 
distribution eurves for 40? North Latitude computed for meteors 
with parabolic orbits (e) and with the hyperbolic orbits (f). The 
agreement in the range of variation is excellent, the range in the 
numbers of the bursts (3.7) being between the hyperbolic distribu- 
tion (2.8) and the parabolic (8.0). The time of the observed maxi- 
mum and minimum do not coincide exactly with the theoretical, but 
the shift of the minimum to an earlier hour is consistent with the 
better radio propagation conditions which are found to prevail in the 
late afternoon and early evening hours, which will tend to increase 
the numbers of bursts exceeding a fixed reference level. | 

Figure 9 shows the annual variation of the monthly median num- 
bers of bursts occurring during four selected hours. The period cov- 
ered is from June 1943 through May 1944, over which period station 
WGTR was operating with the same power output and antenna pat- 
tern, day to day changes in which would have erroneous results. On 
the same sheet are shown six estimates of observed annual variation of 
meteors. The agreement is not so good as that of the diurnal varia- 
tion. However, considerable differences are to be noted between the 
estimates of meteor numbers themselves. Whereas five estimates show 
the peak to occur during August, the estimate of Hoffmeister shows a 
dip in August and a peak in July, which agrees with the burst distri- 
bution: It should also be kept in mind that the estimates are long 
term, with considerable variation from year to year, whereas the 
burst numbers are for a single year. 


89 F.C.C. 


Frequency Allocation. Nongovernment 179 


Short-time amplitude distribution of the bursts is shown in Figure 
10. The numbers are accumulated data from WGTR for six morning 
hours recorded simultaneously at Laurel and Allegan. Knowihg the 
numbers of bursts which exceed any given level in a given hour, the 
curves permit a reasonably accurate estimate of the numbers 'from 
that station exceeding any desired level by means of a simple propor- 
tionality between the abscissa readings for the two levels in question. 
With a rate of 120 bursts per hour exceeding 5 uv/m at Laurel a 
burst reaching 30 uv/m will be expected once every 45 minutes. The 
maximum amplitudes at Laurel are greater than those at Allegan, 
whereas the average level at Allegan is greater. This is in qualitative 
agreement with the theoretical distribution for reflecting media of 
uniform height and with random distribution over an area lying 
within 700 miles radius of both transmitter and receiver, assuming 
attenuation with distance in accordance with the maximum measured 
values at 337, 720, 900 and 1370 miles, and assuming a circular trans- 
mitting antenna pattern and a figure eight receiving antenna pattern. 

Amplitude variation with distance. The maximum measured values 
at each of the recording sites over the period of recording, which can 
be assumed to lie close to the plane of the great circle, and the cor- 
responding inverse distance values and ratios are as follows: 


Laurel Allggan Atlanta Grand 

Island 
Distance..... 337 720 900 1370 
Inverse (vim) 15,100 7060 5650 3700 
Мах. (uvm? 45 34 13 
Ratio. 274 157 166 285 


The signals are well below inverse distance. At the longer distances, 
cancellation of the direct and ground reflected wave will account for 
a large part of the difference. However, the ratios would not nor- 
mally be as large as those indicated. Absorption at E-layer and below 
at these frequencies will be practically negligible. It therefore ap- 
pears that some other effect is being obtained. If we assume reflec- 
tion from a eylindrical track of ions caused by the passage of a 
meteor, it appears reasonable to assume that an additional diver- 
gence factor will result from reflection from the curved surface. 
Visual correlations of bursts and meteors. During June 1944, after 
the agreement. between the occurrence of meteors and bursts had been 
established, a few observations were made at Laurel in an attempt 
to obtain coincidences between bursts and visible meteors. Several 
meteors were seen, but none having a proper direction of flight, so 
that the ionized track was capable of reflecting the signal to the 
receiving point. Beginning on August 1, a continuous watch was 
kept between 9 and 10:15 P.M., E.S.T. on favorable nights by two 
or more observers at the home of one of the engineers. Two coinci- 
dences were observed on August 6, in which the meteor track wag 
approximately transverse to the signal path. On August 8 and 11, 
two coincidences were observed each night in which the meteor track 
was along the plane of the signal path. The last meteor was of par- 
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ticular brilliance with a persistent visible train, and the signal was 
sustained for about ten seconds. The meteor was somewhat beyond 
the receiving point with sufficient inclination of the track to reflect 
‘the signal back at an acute angle. Had a meteor of this size with the 
"proper orientation been near the center of the signal path, the dura- 
‘tion would have been several times as great, and the sustained burst 
“might easily have been recorded as similar to the burst marked S on 
Figure I (B). Sustained bursts of this type appear frequently on 
the records near the times of the regular showers of visible meteors. 
the date of the recording is November 11, the time of the annual 
Leonid meteor shower. 

Bursts have also been recorded at Laurel on 71.75 me from televi- 
sion station WRGB. They are less frequent than at 44.3 me, of some- 
what less duration on the average, and their maximum amplitudes 
are about the same for a given radiated power. 

Interference factor of bursts. Tests conducted at Laurel, using bursts 
from station WTGR as the interefering signal and a frequency mod- 
ulated signal generator as the desired “signal, indicate that a 1 to 1 

ratio of desired to undesired signal is suficient to prevent objection- 
able interference in the output of the S-27 type FM receiver. No tests 
have been made for sustained bursts, for other types of FM receivers 
or for ratios applicable to AM receivers. 


SPORADIC E SIGNALS 


' 


Figure 1 (C) is a sample recording of station WTGR made at 
Atlanta on Yay 8, 1944. 'The recorder sensitivity was set for the 
recording of burst signals and was not optimum for sporadic E of 
this intensity, which was driving the recorder above 400 uv/m a part 
of the time. 

The analysis of these records consists in determining the times dur- 
ing which the signal exceds 25 uv/m in intensity. This corresponds 
to the level at which the signal will begin to cause interference to an 
FM receiver having a 2/1 co-channel rejection ratio and located on 
the 50 uv/m contour of a station on the same frequency. In totalling 
the times of occurrence of the signal, short intervals of time of a 
minute or more during which the signal falls below the 25 uv/m level 
are omitted. These are indicated on the chart by a heavy line at the 
25 uv/m level. 

Table II shows the monthly and annual occurrence of fields above 
95 uv/m for each of the four recording sites, together with combined 
figures for the four paths. The times “of occurrence are expressed in 
minutes and the percentages are per cent of the time during which 
both the transmitter and recorder were in operation. The combined 
figures are not numerical totals of the four preceding columns but are 
the total numbers of minutes for the respective months or for the 
year during which the signal occurred on at least one of the individ- 
‘ual paths. “An inspection of the Table shows good agreement as to 
the relative occurrence on the four paths for the respective months, 
the 900 mile path to Atlanta having the largest values for each 
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month. The worst month is July, with occurrences of 12.0% of the 
time for the Atlanta path and 14.3% for the combined figures. 

Since a sporadic E path which will permit a signal to be, propa- 
gated from Paxton to a recording site will also permit a similar sig- 
nal to travel back to Paxton from a hypothetical transmitter located 
at the recording site, the combined figures furnish a reliable measure 
of the amount of interference which would be sustained by a receiver 
located on the 50 uv/m contour at Paxton from four identical co- 
channel transmitters located one at each of the present recording 
sites. 

Figures 11 to 15 are charts showing for each of the four paths and 
for the combined figures the actual times of occurrence above 25 
uv/m throughout the year. One space horizontally is allotted to each 
day of the indicated month and one space vertically is allotted to each 
twelve minutes of the day. 

Figure 11 is for the Paxton-Laurel path. Except for July 7 and 8 
the interference is not severe. Particular attention is called to the 
intermittent type of signal shown on July 5 and 25, where on the lat- 
ter date interference totalling 8 minutes was spread over a half hour 
period and could have caused a possible interruption of two separate 
programs. Similar periods of intermittent interference are prevalent 
for aM paths and their significance should be kept in mind when 
evaluating the totals shown in Table 11. 

For all five Figures the times of occurrence are more prevalent in 
the P.M., so that the percentage occurrence will be greater for this 
period than the overall percentage. 

In order to obtain a measure of the effect of increasing, the level at 
which the analysis was made upon the occurrences, the records for 


унав 
each of the recording sites were also analyzed at 70 uv/m. The rec-. 


ords for Grand Island, where the range of the recorder was such as 
to respond to higher signal levels, were also analyzed for occurrences 


at 250 uv/m, 
TaBLE II.—Sporadic E layer propagation, 1948-1944 


{Occurrence of fields exceeding 25 mierovolts/meter at four receiving sites from station WGTR, Paxton, 
Mass., 44.3 me-83 kw] 


Receiving Site... Laurel Allegan Atlanta Grand Is. Combined 
Distance. 337 miles 720 miles 900 miles 1400 miles 
min. To min. % min. x min, % min. x 
0 1 0.003 1 00% 0 
0 зе 16 .05 2 
0 0 | Mem 0 
0 58 166 .46 9 
0 O 2x. 8 .02 o 
0 J .003 20 .06 0 
0 ace 9 ...... 0 
0 2 0 79.8 0. 81 .2 
0 50 -17 3069 3.0 1369 1 1248 3.5 
30 0 528 17 1865 5.9 796 2. 2997 9.3 
177 .63 790 2.9 3380 12.0 125 4. 4020 14.3 
n .04 25 .09 270 LO 5 331 1.2 
218 0.05 1455 0.39 6874 1.7] 2097 0. 8956 2.23 


1 Antenna lead found broken and repaired May 19, 1944. This value is probably low as both Allegan and 
Atlanta show Es elds during May 1 to May 19. 
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The following Table gives a comparison of the annual totals for the 
three levels: 


Laurel Allegan Atlanta Grand Island 
Field Strength - 
Min. % Min. % Min. % Min. % 
25 (uv/m) 1455 6874 1.7L 
70 (uv/m) 1193 0.32 3820 9.95 
250 (uvm. = 263 422 Ott. ve 


Insufficient recorders were available for continuous recording on the 
frequencies of television stations, so that data for these frequencies 
are not available. 
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‘TROPOSPHERIC WAVE PROPAGATION 
1943 
Variation of Monthly Median Field Strength Values 
Over Averages Land 
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TROPOSPHERIC WAVE PROPAGATION 
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Variation of Monthly Median Pield Strength Values ' 
Over Average Land 7 

Antennas: Half wave horizontal doublets: 500 ft. & 30 ft. hgh 
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TROPOSPHERIC WAVE PROPAGATION 

1945 - 1944 , 
Variation of Monthly Nedian Field Strength Values 
Over Lake Michigan 


Antennas: Half wave horizontal doublets: 500 ft. & 30 ft. high 
= 45.5 mc - 1 kw radiated - 122 miles 
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TROPOSPHERIC WAVE AND GROUND WAVE [Eu 
FIELD INTENSITY VERSUS DISTANCE 
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TROPOSPHERIC WAVE AND GROUND WAVE 
FIELD INTENSITY VERSUS DISTANCE 
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METHOD OF MEASURING PATH 


LENGTHS OF VHF BURSTS 
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DIURNAL VARIATION OF THE NUMBERS OF BURSTS AND METEORS 
(a)averags of monthly msdian bursts/hr,, Feb. 1943-Jan.1944 
(b)üossrved numbers of meteors/hr . (Schmidt) 
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AMPLITUDE DISTRIBUTION OF BURSTS 


337 mile path 
----- 720 mile path 
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SPORADIC E LAYER FROFAGATION 

1943 - 1944 
Cecurrence of fields exceecing 25 microvolts/meter at 
Laurel, Karyland from station R, Paxton, Mass, 
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SPORADIC E LAYER PROPAGATLON 
. 1943 - 1944 
Occurrence of fields exceeding 25 microvolts/meter at 
Allegan, Michigan from station WGTR, Paxton, Mass. 
44.5 mc - 720 miles ~ 83 kw 


PM(E.S.T.) 


AM(E.S.T.) 


PM(E.S.T.) 


so 
avarsi 


JULY T 
<— چیو‎ 


PIGURE 12. 
зо F.O.C. | 


PM(E.S.T.) 


AM(B.S.T.) 


PM(E.S.T.) 


AM(E.S.T.) 


Frequency Allocation, Nongovernment 195 


SPCKADIC E LAYER PROPAGATION 
1943 - 1944 ] 
Occurrence of fields exceeding 25 microvolts/meter at 
Atlanta, Georgia from station WGTR, Paxton, Mass. ” 
44.5 mc - 900 miles - 83 kw ` 
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SPORADIC E LAYER PROPAGATION 
1042 - 1944 
fields e ng 25 microvolts/meter at 
Nebraska from station ИСТА, Paxton, Masa. 
44.3 mc - 1400 miles - 85 lar 
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TION 


Estimated Interf ce via Sporadic E Propagation, to a PK Receiver 
on БО Microvoli/Meter Contour of Station NGTR, Paxton, Nass.,' from 
Four Identical Co-Channel Stations Located at Laurel, Ma (337 mi.), 
Allegan, Lich.(720 mi.), Atlenta, Ga.(900-mi.)jand Grand Islap¢ ,Neb 
(1370 mi.). Frequency 44.3 mc, Power 85 kw. 
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FEDERAL COMMUNICATIONS COMMISSION 
DOCKET NO. 6631 
EXHIBIT NO. 380 
EE EE Bate 
pu 
PERCENTAGE OF THE LISTENING HOURS AND (IN PARENTHESES) THE 
NUMBER OF LISTENING HOURS (6 AM TO MIDNIGHT) DURING THE 
LAST SUNSPOT CYCLE (1933-1944) FOR WHICH THE F LAYER SKIP 
Ez: DISTANCE WAS LESS THAN THE VALUES SHOWN FOR PARTICULAR 
Gu FREQUENCIES. (Estimated from the National Bureau of 
Ë= Standards Ionosphere measurements at Washington, D. C.) 
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ESTIMATED PERCENTAGE OF THE LISTENING HOURS DURING 
THE LAST SUN SPOT CYCLE (1035-1944) FOR WHICH THE 
F LAYER SKIP DISTANCE WOULD HAVE BESN EXPECTED. TO 
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NIE T = r= s: 
PERCENTAGE OF THE TIME AND (PARENTHESES) THE 
NUMBER OF HOURS DURING THE PERIOD SEPTEMBER 
1943 THROUGE AUGUST 1944 FOR WHICH THE SPORADIC 
Ë E LAYER SKIP DISTANCE WAS LESS THAN THE VALUES 
š SHOWN FOR PARTICULAR FREQUENCIES. (Estimated 
from the National Bureau of Standards Ionosphere 
Š measurements at Washington, D. C.) 
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GROUND WAVE, TROPOSPHERIC WAVE, SPORADIC E LAYER SKY WAVE AND F LAYER SKY Í 
WAVE PIELD INTENSITIES FOR PM STATION WOTR AT PAXTON, MASSACHUSETTS 1: 


ESTIMATED FREE SPACE FIELD AT ONE MILE ANG 


10 BAY ANTENN: 


2540 


ANTENNA WEI 
pitje 
| 


303 


5 
8 


409047 ñouənbə.t 7 


‘tor 


MICROVOLTS PER METER 


С = THEORETICAL GROUND WAVE 
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Tig, To,jg, Tog 7 TROPOSPHERIC WAVE FIELD INTENSITIES EXCEEDED FOR THE PERCENTAGES OF 
a: TAGAL THE TIME INDICATED, (Estimated from measurements made at Laurel on 
several FM stations and reported in Exhibit 4 of Docket 6651) 


Е,(1р) = SPORADIC E LAYER SKY WAVE FIELD INTENSITIES EXCEEDED POR THE PERCENTAGES OF 
TINE SHOWN AS A FUNCTION OF DISTANCE AMD FREQUENCY IM FIGURE 3, 
(Based on measurements of WOTR reported in Exhibit 4 of Docket 6651) 


E,(np) = SPORADIC E LAYER SKY WAVE FIELD INTENSITIES EXCEEDED FOR n TIMES THE PERCENT- 
ш AGES OF TIME SHOWN IN FIGURE 3. 


P = F LAYER SKY WAVE FIELD INTENSITIES. (Theoretical eatinate in agreement with avail- 
able data) - 
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